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Photograph of CFRP stiffener radius

FIG. 2
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METHODS, SYSTEMS, AND COMPUTER
READABLE MEDIA FOR GENERATING A
NON-DESTRUCTIVE INSPECTION MODEL
FOR A COMPOSITE PART FROM A DESIGN
MODEL OF THE COMPOSITE PART

TECHNICAL FIELD

The subject matter described herein relates generally to
generating a non-destructive inspection model for a compos-
ite part from a design model of the composite part. More
particularly, the subject matter disclosed herein relates to
methods, systems, and computer readable media for generat-
ing a non-destructive inspection model for a composite part
from a design model of the composite part where such meth-
ods, systems and computer readable media are particularly
suitable for use, for example and without limitation, with
aerospace parts or components.

BACKGROUND

Composite parts are often subjected to high stress environ-
ments. For example, many aerospace applications employ
composite parts (e.g., parts containing carbon fiber reinforced
polymer (CFRP) and/or graphite fiber reinforced polymer
(GFRP)) where strength, durability, and weight are determi-
native factors. It is therefore often important to periodically
subject composite parts to inspection. Once installed, how-
ever, physical internal inspection of a composite part might
require destruction of the part itself. Various technological
advances, for example in the use of acoustic waves, support
non-destructive inspection of composite parts.

Non-destructive inspection of a composite part involves
the development of a model for the composite part that pre-
dicts expected results, for example, responses from a given
acoustic wave. Once a model for a composite part is devel-
oped, analogous testing may be performed on installed coun-
terpart parts, and the results compared with the model’s pre-
dicted results.

Generating a non-destructive inspection model for a com-
posite part is often a complex, tedious, and resource intensive
endeavor that requires determining one or more properties of
the composite part for which a model is being developed.
Modern composite parts, however, are often designed using
design modeling tools (e.g., computer aided design (CAD)
systems) that produce rich descriptions of the composite
parts.

Accordingly, a need exists for methods, systems, and com-
puter readable media for generating a non-destructive inspec-
tion model for a composite part from a design model of the
composite part.

SUMMARY

According to one aspect, the subject matter described
herein can comprise a method for generating a non-destruc-
tive inspection model for a composite part from a design
model of the composite part. The method can comprise steps
occurring at a computing platform including a memory and a
processor. The steps can include analyzing, by the processor,
a design model file stored in the memory to determine one or
more properties of a composite part, the design model file
describing one or more physical characteristics of the com-
posite part. The steps also can include generating, by the
processor, a non-destructive inspection model for the com-
posite part based on the one or more properties of the com-
posite part determined by analyzing the design model file.
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According to another aspect, the subject matter described
herein can include a system for generating a non-destructive
inspection model from a design model. The system can
include a processor and can include a memory. The system
further can include a design file analysis module configured
to analyze a design model file to determine one or more
properties of a composite part, the design model file describ-
ing one or more physical characteristics of the composite part.
The system further can include a non-destructive inspection
model generation module configured to generate a non-de-
structive inspection model for the composite part based on the
one or more properties of the composite part determined by
analyzing the design model file.

As used herein, the term “module” refers to software in
combination with hardware (such as a processor) and/or firm-
ware for implementing features described herein.

The subject matter described herein can be implemented in
software in combination with hardware and/or firmware. For
example, the subject matter described herein may be imple-
mented in software executed by one or more processors. In
one exemplary implementation, the subject matter described
herein may be implemented using a non-transitory computer
readable medium having stored thereon computer executable
instructions that when executed by the processor of a com-
puter control the computer to perform steps. Exemplary com-
puter readable media suitable for implementing the subject
matter described herein can include non-transitory computer
readable media, such as disk memory devices, chip memory
devices, programmable logic devices, and application spe-
cific integrated circuits. In addition, a computer readable
medium that implements the subject matter described herein
may be located on a single device or computing platform or
may be distributed across multiple devices or computing plat-
forms.

BRIEF DESCRIPTION OF THE DRAWINGS

The subject matter described herein will now be explained
with reference to the accompanying drawings of which:

FIG. 1 is a flow chart illustrating an exemplary sequence
for generating a non-destructive inspection model for a com-
posite part from a design model of the composite part in
accordance with aspects of the subject matter described
herein;

FIG. 2 is a photograph illustrating the stiffener radius of a
CFRP composite part for which a non-destructive inspection
model may be generated from a design model in accordance
with aspects of the subject matter described herein;

FIG. 3 is a screenshot illustrating a CAD model for a
composite part including a series of cross sections from
which a non-destructive inspection model may be generated
in accordance with aspects of the subject matter described
herein;

FIG. 4 is a close up view of a portion of the CFRP com-
posite part of FIG. 2 illustrating a snapshot image taken by a
phased array probe operating in section scan mode of an
ultra-sound propagation for a shot deflected at eight degrees;

FIG. 5 is a screenshot illustrating a simulated non-destruc-
tive inspection signal for an ultra-sound propagation shot
deflected from a composite part at eight degrees;

FIG. 6 is a flow chart illustrating an exemplary process for
generating a non-destructive inspection model for a compos-
ite part from a design model of the composite part in accor-
dance with aspects of the subject matter described herein; and

FIG. 7 is a block diagram illustrating an exemplary system
for generating a non-destructive inspection model for a com-
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posite part from a design model of the composite part in
accordance with aspects of the subject matter described
herein.

DETAILED DESCRIPTION

Methods, systems, and computer readable media for gen-
erating a non-destructive inspection model for a composite
part from a design model of the composite part are provided.
The methods, systems and computer readable media
described herein are particularly suitable, for example and
without limitation, with aerospace parts or components. As
used herein, acrospace includes any type or aircraft or space-
craft. As noted above, many aerospace applications employ
composite parts (e.g., parts containing carbon fiber reinforced
polymer (CFRP) and/or graphite fiber reinforced polymer
(GFRP)) where strength, durability, and weight may be
important factors to determine, evaluate and/or monitor. For
example and without limitation, composite parts have been
utilized in the construction of many types of aerospace struc-
tures, including aerospace wing ailerons, wing outerflaps,
wing j-noses, wing spoilers, wing ribs, vertical tail planes,
horizontal tail planes, rear pressure bulkheads, floor panels,
center wing boxes, landing gear doors, fuselages, radomes,
and/or floor beams.

Significant progress has been made in modeling the propa-
gation of acoustic waves in complex mediums. Because an
acoustic wave is mechanical, its propagation depends on the
medium in which it propagates. Thus, developing an accurate
model for the propagation of an acoustic wave in a complex
medium requires an understanding of the physical internal
representation of the medium being modeled. For example,
the model may depend on the density of the medium (e.g.,
concerning the CFRP/GFRP ply and/or resin), the speed of
the acoustic wave in the medium (e.g., concerning the CFRP/
GFRP ply and/or resin), the orientation of the medium (e.g.,
concerning the CFRP/GFRP ply and/or resin), the layup law
(i.e., order) of the medium, and/or interply data describing the
medium.

Manually developing a physical internal description of a
medium, however, is a time consuming task that is not guar-
anteed to produce an efficient representation. Meanwhile,
many composite parts constructed from complex mediums
are designed using design modeling tools (e.g., CAD sys-
tems) that produce rich descriptions of the composite parts.
These rich descriptions or design model files often contain
sufficient data for developing the physical internal descrip-
tion necessary to generate a non-destructive inspection
model. As described in greater detail below, and in accor-
dance with embodiments of the subject matter described
herein, a non-destructive inspection model for a composite
part may be generated from a design model of the composite
part. While composite parts are often employed in aerospace
and aircraft applications, it will be appreciated by those hav-
ing ordinary skill in the art, that the subject matter described
herein may be utilized to generate a non-destructive inspec-
tion model for any type of composite part regardless of its
application.

FIG. 1is a flow chart illustrating an example of a sequence
for generating a non-destructive inspection model for a com-
posite part from a design model of the composite part in
accordance with embodiments of the subject matter described
herein. Referring to FIG. 1, in step 100, an area of interest
(AOI) may be defined within design model file 102, based on
user input 104. For example, design model file 102 may be a
CAD file created by a user that describes the composite part’s
geometry and/or material lay-up. User input 104 may be
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captured by the CAD system, for example, using “sketch-
and-project” functionality. For example, a user may utilize
“sketch-and-project” functionality provided by the CAD sys-
tem to sketch a rectangle delimiting an AOI for non-destruc-
tive inspection simulation, and the CAD system may project
the rectangle on the composite part described by design
model file 102. The selected AOI may then be “cut out”
perpendicular to the local surface normal (i.e., “local Z axis™)
to ensure a sufficient thickness representation. For example,
FIG. 2 is a photograph illustrating the stiffener radius of a
CFRP composite part for which a non-destructive inspection
model may be generated from a design model in accordance
with embodiments of the subject matter described herein. A
portion of FIG. 2 is denoted as A, where a close up view of A
can be seen in FIG. 4. As described previously, the composite
part or portion can be, but is not limited to being, an aerospace
component or part or any other suitable component or part
where strength, durability, and/or weight may be factors to be
evaluated or monitored. For example and without limitation,
the composite part may be at least a portion of an aerospace
wing aileron, wing outerflap, wing j-nose, wing spoiler, wing
rib, vertical tail plane, horizontal tail plane, rear pressure
bulkhead, floor panel, center wing box, landing gear door,
fuselage, radome, and/or floor beam. Returning to FIG. 1, at
step 106, a three-dimensional (3D) rendering may be con-
structed which indicates ply and interply information for the
AOI While many CAD systems do not display the composite
lay-up, itis generally possible to produce a detailed rendering
showing each ply and thickness transition. For example, user
input 104 may include a parameter corresponding to interply
thickness which may be utilized to enhance the rendering.
Similarly, user input 104 may include additional parameters
which may be utilized in generating a non-destructive inspec-
tion model. For example, user input 104 may include one or
more material properties (e.g., density and/or stiffness of the
interplies) of the composite part which may be useful in
generating a non-destructive inspection model for the com-
posite part (e.g., interply density may affect a simulated ultra-
sound propagation). The rendering may be further enhanced
to include additional salient features (e.g., interplies, Zpins,
and/or through-thickness reinforcements). For example, if
the composite part includes Z-pins, user input 104 may
include information describing the size, location, and/or
material of Z-pins relevant to the simulation, and such infor-
mation may subsequently be utilized to superimpose the
Z-pins onto corresponding bitmap images. The inclusion of
interply thickness in the rendering may be useful for gener-
ating an accurate non-destructive inspection model, as mod-
ern composite materials often employ an interply of signifi-
cant thickness, leading to attenuation of inspection signals
and/or otherwise interfering with propagation of ultrasound.

In step 108, a volume of'interest (VOI) and local coordinate
system corresponding to the AOI may be determined. For
example, an arbitrarily oriented minimum bounding box may
be defined around all material contained within the AOI.
Defining such a minimum bounding box is a known minimi-
zation problem and algorithms to solve such a problem
already exist. (See, for example, Joseph O’Rourke, “Finding
minimal enclosing boxes,” Parallel Programing (Springer
Netherlands, 1985)). A local coordinate system for subse-
quent discretization by slicing may be determined from the
orientation of the minimum bounding box, with the VOI
being sectioned along the thickness direction of the minimum
bounding box. In step 110, laminate within the VOI may be
discretized into a voxel model. For example, FIG. 3 is a
screenshot illustrating a CAD model for a composite part that
includes a series of cross sections from which a non-destruc-
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tive inspection model may be generated in accordance with
embodiments of the subject matter described herein. Return-
ing to FIG. 1, three series of cross section bitmaps 112, 114,
and 116 may be generated. In order to make solving of the
ultrasound propagation problem unconditionally stable, the
non-destructive inspection simulation may require that pixel-
or voxel-fineness=non-destructive inspection wavelength/10.
This may translate to approximately 0.015x0.015 (x0.015)
mm, and such cross section bitmaps may therefore be gener-
ated every 0.015 mm, with the resolution of each bitmap such
that each pixel measures at most 0.015 mmx0.015 mm. Cross
section bitmap series 112 may contain material information,
for example, values (e.g., gray scale or color coded values)
indicating the type of material (e.g., ply or interply, and/or of
which material).

Cross section bitmap series 114 and 116 may contain dis-
cretized material orientation information in the local coordi-
nate system of the minimum bounding box. For example,
cross section bitmap series 114 may indicate nominal ply
orientation (i.e., in-plane direction), by containing values
(e.g., gray scale or color coded values) indicating the nominal
direction of the plane in question (e.g., 0°, 45°, or any other
possible design ply angle). Nominal ply orientations are gen-
erally available from the design model file, but in many mod-
ern composite parts (e.g., double-curved aerospace parts) the
real ply orientation may differ significantly from the nominal
direction locally, for example, due to shearing of the fabric
during lay-up. Therefore, in some embodiments, orientations
may be computed using a detailed composite lay-up simula-
tion. Such a simulation may be run by the user before begin-
ning the process of generating the non-destructive inspection
model, with the results being used as an input when the
non-destructive inspection model is generated. In such
embodiments, the computed local material orientation may
be translated into the coordinate system of the VOI and its
minimum bounding box and then assigned a nominal direc-
tion value within bitmap series 114. Cross section bitmap
series 116 may indicate orientation in thickness (i.e., out-of-
plane direction), by containing values (e.g., gray scale or
color coded values) indicating the orientation in thickness of
the plane in question. Information pertaining to orientation in
thickness, while generally not directly available from the
design model file, may be computed from a detailed compos-
ite lay-up simulation, as described above with respect to
nominal orientations. As with nominal orientations derived
from a detailed composite lay-up simulation, the orientation
in thickness values derived from the detailed composite lay-
up simulation may be translated into the coordinate system of
the VOI and its minimum bounding box and then assigned an
orientation in thickness value within bitmap series 116.

Each of cross section bitmap series 112, 114, and 116 may
use an identical sequential rank number in the filename of
each bitmap. For example, one of the corners of the minimum
bounding box may be chosen as an origin for the local coor-
dinate system, and the bitmaps corresponding to this origin
numbered “1” (e.g., <filename>_1.bmp), with subsequent
cross sections receiving increasing rank numbers (e.g., the
next cross section 0.015 mm away receiving rank number
“27). Thus bitmap series 112, 114, and 116 are sufficient to
later construct a voxel model in a local coordinate system,
with the pixel at the bottom-left of the bitmap (e.g., <file-
name>__1.bmp) serving as the origin and defining the voxel
spanning 0.015x0.015x0.015 mm? in the positive octant.

In step 118, cross section bitmap series 112, 114, and 116
may be used to perform two-dimensional (2D) non-destruc-
tive inspection simulations. For example, FIG. 4 is a close up
view of portion A of the CFRP composite part of FIG. 2
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illustrating a snapshot image taken by a phased array probe
operating in section scan mode of an ultra-sound propagation
for a shot deflected at eight degrees. Returning to FIG. 1, as
discussed above, in step 120, a set of voxel models (e.g., three
color-coded voxel models) for use in 3D non-destructive
inspection simulation may be constructed from cross section
bitmap series 112,114, and 116, for example, by extruding
cross section bitmap series 112, 114, and 116, starting with
the first bitmap in rank, and then moving to the second bitmap
inrank, etc. The set of voxel models having been generated, in
step 122, non-destructive inspection simulation may be per-
formed on the voxel models. For example, FIG. 5 is a screen-
shot illustrating a simulated non-destructive inspection signal
for an ultra-sound propagation shot deflected from a compos-
ite part at eight degrees.

FIG. 6 is a flow chart illustrating an exemplary process for
generating a non-destructive inspection model for a compos-
ite part from a design model of the composite part in accor-
dance with embodiments of the subject matter described
herein. Referring to FIG. 6, in step 600, a design model file
can be analyzed to determine one or more properties of a
composite part, where the design model file can describe one
or more physical characteristics of the composite part. For
example, a design model file for a composite part may be
analyzed to determine a ply and interply description for the
composite part. In step 602, a non-destructive inspection
model for the composite part is generated based on the one or
more properties of the composite part determined by analyz-
ing the design model file. For example, a non-destructive
inspection model for the composite part may be generated
based on the determined ply and interply description.

FIG. 7 is a block diagram illustrating an exemplary system
for generating a non-destructive inspection model for a com-
posite part from a design model of the composite part in
accordance with embodiments of the subject matter described
herein. Referring to FIG. 7, system 700 can comprise a pro-
cessor 702 and memory 704. Memory 704 may contain one or
more modules for execution by processor 702. For example,
memory 704 may contain design model file analysis module
706, which may be configured to analyze a design model file
to determine one or more properties of a composite part,
where the design model file can describe one or more physical
characteristics of the composite part. For example, design
model file analysis module 706 may be configured to analyze
a design module file to determine a ply and interply descrip-
tion for the composite part. Memory 704 may also contain
non-destructive inspection model generation module 708,
which may be configured to generate a non-destructive
inspection model for the composite part based on the one or
more properties of the composite part determined by analyz-
ing the design model file. For example, non-destructive
inspection model generation module 708 may be configured
to generate a non-destructive inspection model for the com-
posite part based on the ply and interply description of the
composite part.

It will be understood that various details of the subject
matter described herein may be changed without departing
from the scope of the subject matter described herein. Fur-
thermore, the foregoing description is for the purpose of
illustration only, and not for the purpose of limitation, as the
subject matter described herein is defined by the claims as set
forth hereinafter.

What is claimed is:

1. A method for generating at a computing platform,
including a memory and a processor, a non-destructive
inspection model for a composite part from a design model of
the composite part, the method comprising:
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analyzing, by the processor, a design model file stored in
the memory to determine a plurality of properties of the
composite part, the design model file describing one or
more physical characteristics of the composite part and
comprising a computer aided design (CAD) model file
for the composite part;

analyzing an area of interest of the CAD model file corre-

sponding to a region of the composite part selected by a
user;
generating, by the processor, a non-destructive inspection
model for the composite part based on the plurality of
properties of the composite part determined by analyz-
ing the CAD model file by converting the area of interest
into a volume of interest by formulating an arbitrarily
oriented minimum bounding box that encompasses vox-
els corresponding to material contained within the area
of interest; and
constructing a set of voxel models from cross section bit-
maps of the composite part, by extruding the cross sec-
tion bitmaps, such that non-destructive inspection simu-
lation is performed on the set of voxel models;

wherein the composite part comprises a portion of an aero-
space component comprising at least one of carbon fiber
reinforced polymer (CFRP) and/or graphite fiber rein-
forced polymer (GFRP); and

wherein the plurality of determined properties of the com-

posite part comprise at least one of a density of the
composite part, a speed of a given acoustic wave in the
composite part, an orientation of plies for the composite
part, a layer layup rule for the composite part, a layer
layup order for the composite part, a description of layer
interply for the composite part, and an overall geometry
for the composite part.

2. The method of claim 1 wherein generating the non-
destructive inspection model for the composite part based on
the plurality of properties of the composite part determined
by analyzing the CAD model file comprises utilizing the
plurality of properties of the composite part determined by
analyzing the CAD model file and a user-inputted interply
thickness parameter to construct a three-dimensional render-
ing of the composite part indicating ply of the composite part
and interply of the composite part.

3. The method of claim 2 wherein generating the non-
destructive inspection model for the composite part based on
the plurality of properties of the composite part determined
by analyzing the CAD model file comprises discretizing the
three-dimensional rendering of the composite part into a
voxel model comprising three cross section bitmaps of the
composite part.

4. The method of claim 3 wherein a first of the three cross
section bitmaps comprises pixels having values correspond-
ing to material type and either ply or interply, a second of the
three cross section bitmaps comprises pixels having values
corresponding to nominal ply direction, and a third of the
three cross section bitmaps comprises pixels having values
corresponding to orientation in thickness.

5. The method of claim 1 wherein the composite part com-
prises at least a portion of at least an aerospace wing aileron,
wing outerflap, wing j-nose, wing spoiler, wing rib, vertical
tail plane, horizontal tail plane, rear pressure bulkhead, floor
panel, center wing box, landing gear door, fuselage, radome,
and/or floor beam.

6. A system for generating a non-destructive inspection
model from a design model, the system comprising:

a processor;

amemory;
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a design model file analysis module configured to analyze
a design model file to determine a plurality of properties
of a composite part, the design model file describing one
or more physical characteristics of the composite part
and comprising a computer aided design (CAD) model
file for the composite part, and configured to analyze an
area of interest of the CAD model file corresponding to
a region of the composite part selected by a user; and

a non-destructive inspection model generation module

configured to generate a non-destructive inspection
model for the composite part based on the plurality of
properties of the composite part determined by analyz-
ing the CAD model file by converting the area of interest
into a volume of interest by formulating an arbitrarily
oriented minimum bounding box that encompasses vox-
els corresponding to material contained within the area
of interest, and to construct a set of voxel models from
cross section bitmaps of the composite part, by extrud-
ing the cross section bitmaps, such that non-destructive
inspection simulation is performed on the set of voxel
models;

wherein the composite part comprises a portion of an aero-

space component comprising at least one of carbon fiber
reinforced polymer (CFRP) and/or graphite fiber rein-
forced polymer (GFRP); and

wherein the plurality of determined properties of the com-

posite part comprise at least one of a density of the
composite part, a speed of a given acoustic wave in the
composite part, an orientation of plies for the composite
part, a layer layup rule for the composite part, a layer
layup order for the composite part, a description of layer
interply for the composite part, and an overall geometry
for the composite part.

7. The system of claim 6 wherein the non-destructive
inspection model generation module is configured to generate
the non-destructive inspection model for the composite part
based on the plurality of properties of the composite part
determined by analyzing the CAD model file by utilizing the
plurality of properties of the composite part determined by
analyzing the CAD model file and a user-inputted interply
thickness parameter to construct a three-dimensional render-
ing of the composite part indicating ply of the composite part
and interply of the composite part.

8. The system of claim 7 wherein the non-destructive
inspection model generation module is configured to generate
the non-destructive inspection model for the composite part
based on the plurality of properties of the composite part
determined by analyzing the CAD model file by discretizing
the three-dimensional rendering of the composite part into a
voxel model comprising three cross section bitmaps of the
composite part.

9. The system of claim 8 wherein a first of the three cross
section bitmaps comprises pixels having values correspond-
ing to material type and either ply or interply, a second of the
three cross section bitmaps comprises pixels having values
corresponding to nominal ply direction, and a third of the
three cross section bitmaps comprises pixels having values
corresponding to orientation in thickness.

10. The system of claim 6 wherein the composite part
comprises at least a portion of an aerospace component.

11. The system of claim 10 wherein the composite part
comprises at least a portion of at least an aerospace wing
aileron, wing outerflap, wing j-nose, wing spoiler, wing rib,
vertical tail plane, horizontal tail plane, rear pressure bulk-
head, floor panel, center wing box, landing gear door, fuse-
lage, radome, and/or floor beam.
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12. A non-transitory computer readable medium compris-
ing computer executable instructions that when executed by a
processor of a computer control the computer to perform at a
computing platform including a memory and the processor a
method, the method comprising:

analyzing, by the processor, a design model file stored in

the memory to determine a plurality of properties of a
composite part, the design model file describing one or
more physical characteristics of the composite part and
comprising a computer aided design (CAD) model file
for the composite part;

analyzing an area of interest of the CAD model file corre-

sponding to a region of the composite part selected by a
user;
generating, by the processor, a non-destructive inspection
model for the composite part based on the plurality of
properties of the composite part determined by analyz-
ing the CAD model file by converting the area of interest
into a volume of interest by formulating an arbitrarily
oriented minimum bounding box that encompasses vox-
els corresponding to material contained within the area
of interest; and
constructing a set of voxel models from cross section bit-
maps of the composite part, by extruding the cross sec-
tion bitmaps, such that non-destructive inspection simu-
lation is performed on the set of voxel models;

wherein the composite part comprises a portion of an aero-
space component comprising at least one of carbon fiber
reinforced polymer (CFRP) and/or graphite fiber rein-
forced polymer (GFRP); and

wherein the plurality of determined properties of the com-

posite part comprise at least one of a density of the
composite part, a speed of a given acoustic wave in the
composite part, an orientation of plies for the composite
part, a layer layup rule for the composite part, a layer
layup order for the composite part, a description of layer
interply for the composite part, and an overall geometry
for the composite part.

13. The non-transitory computer readable medium of claim
12 wherein the composite part comprises at least a portion of
at least an aerospace wing aileron, wing outerflap, wing
j-nose, wing spoiler, wing rib, vertical tail plane, horizontal
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tail plane, rear pressure bulkhead, floor panel, center wing
box, landing gear door, fuselage, radome, and/or floor beam.
14. A method for generating at a computing platform,
including a memory and a processor, a non-destructive
inspection model for a composite part from a design model of
the composite part, the method comprising:
analyzing, by the processor, a design model file stored in
the memory to determine a plurality of properties of the
composite part, the design model file describing one or
more physical characteristics of the composite part and
comprising a computer aided design (CAD) model file
for the composite part;
analyzing an area of interest of the CAD model file corre-
sponding to a region of the composite part selected by a
user;
receiving a user-inputted interply thickness parameter;
generating, by the processor, a non-destructive inspection
model for the composite part based on the plurality of
properties of the composite part determined by analyz-
ing the CAD model file and the user-inputted interply
thickness parameter by converting the area of interest
into a volume of interest by formulating an arbitrarily
oriented minimum bounding box that encompasses vox-
els corresponding to material contained within the area
of interest; and
constructing a set of voxel models from cross section bit-
maps of the composite part, by extruding the cross sec-
tion bitmaps, such that non-destructive inspection simu-
lation is performed on the set of voxel models;
wherein the composite part comprises a portion of an aero-
space component comprising at least one of carbon fiber
reinforced polymer (CFRP) and/or graphite fiber rein-
forced polymer (GFRP); and
wherein the plurality of determined properties of the com-
posite part comprise at least one of a density of the
composite part, a speed of a given acoustic wave in the
composite part, an orientation of plies for the composite
part, a layer layup rule for the composite part, a layer
layup order for the composite part, a description of layer
interply for the composite part, and an overall geometry
for the composite part.
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